Ventilation with positive end-expiratory pressure (PEEP) is often the appropriate therapy for treating patients with impaired pulmonary function after cardiac surgery procedures. Circulatory depression, however, sometimes limits the level of PEEP. This study was conducted to investigate the effects of PEEP ventilation (+ 15 cmH2O) immediately after weaning from cardiopulmonary bypass 1) period of PEEP application and 45 min thereafter; 2) period of PEEP application on right ventricular hemodynamics using a new thermodilution technique for measuring right ventricular ejection fraction (RVEF), right ventricular end-diastolic and end-systolic volumes (RVEDV, RVESV). Forty patients undergoing aortocoronary bypass grafting were retrospectively divided into two groups: group I (n = 24) in which RVEF was reduced significantly (40->28 percent), and group 2 (n = 16) in which RVEF remained almost unchanged. In patients in group 1, stenosis of the right coronary artery (RCA) was significantly more pronounced Controlled mechanical ventilation with positive end-expiratory pressure (PEEP) is ubiquitously used in patients with pulmonary failure, although its beneficial influence on the respiratory system is accompanied by detrimental effects on the oirculatory system. 1-3 The mechanism by which PEEP ventilation decreases cardiac output (CO) has been the subject of several investigations, but it still is not entirely clear. The decrease in CO is attributed mainly to a decrease in venous return due to elevated intrathoracic pressure.4 Other studies suggest that this effect is caused by an increase in right ventricular afterload due to an increase in pulmonary impedance,5 decreased biventricular end-diastolic volume,6 altered ventricular interdependence by leftward displacement of the ventricular septum,7X8 or decreased myocardial contractility due to altered myocardial blood flow9 or a myocardial depressing factor induced by PEEP'0 The use of PEEP after cardiopulmonary bypass (CPB) seems reasonable, but its routine application is controversially discussed because of its possible negative Monitoring of right ventricular function seems to be of benefit for cardiac surgery patients in this situation. (Chest 1988; 94:566-71) effects on circulatory stability in this period. Recent studies have produced evidence that right ventricular function becomes increasingly important in patients undergoing aorto-coronary bypass grafting." Therefore, the aim of this study was focused on right ventricular hemodynamics during PEEP application immediately after weaning from CPB using a new thermodilution method, which allows sequential intraoperative estimation of right ventricular fiunction.
Ventilation with positive end-expiratory pressure (PEEP) is often the appropriate therapy for treating patients with impaired pulmonary function after cardiac surgery procedures. Circulatory depression, however, sometimes limits the level of PEEP. This study was conducted to investigate the effects of PEEP ventilation (+ 15 cmH2O) immediately after weaning from cardiopulmonary bypass 1) period of PEEP application and 45 min thereafter; 2) period of PEEP application on right ventricular hemodynamics using a new thermodilution technique for measuring right ventricular ejection fraction (RVEF), right ventricular end-diastolic and end-systolic volumes (RVEDV, RVESV). Forty patients undergoing aortocoronary bypass grafting were retrospectively divided into two groups: group I (n = 24) in which RVEF was reduced significantly (40->28 percent), and group 2 (n = 16) in which RVEF remained almost unchanged. In patients in group 1, stenosis of the right coronary artery (RCA) was significantly more pronounced Controlled mechanical ventilation with positive end-expiratory pressure (PEEP) is ubiquitously used in patients with pulmonary failure, although its beneficial influence on the respiratory system is accompanied by detrimental effects on the oirculatory system. [1] [2] [3] The mechanism by which PEEP ventilation decreases cardiac output (CO) has been the subject of several investigations, but it still is not entirely clear. The decrease in CO is attributed mainly to a decrease in venous return due to elevated intrathoracic pressure.4 Other studies suggest that this effect is caused by an increase in right ventricular afterload due to an increase in pulmonary impedance,5 decreased biventricular end-diastolic volume,6 altered ventricular interdependence by leftward displacement of the ventricular septum,7X8 or decreased myocardial contractility due to altered myocardial blood flow9 or a myocardial depressing factor induced by PEEP'0 The use of PEEP after cardiopulmonary bypass (CPB) seems reasonable, but its routine application is controversially discussed because of its possible negative Table 1 .
The multilumen balloon-flotation pulmonary artery catheter used in this study was specially designed to measure right ventricular ejection fraction (RVEF). It is mounted with a fast response thermistor (FRT), which is rapid enough to record beat-by-beat the plateaus of the rapid step changes on the descending limb of the thermodilution washout curve. 12 
RESULTS
The patients were retrospectively subdivided into two groups according to the change in RVEF after PEEP application immediately after weaning from CPB: group 1 (n=24), where RVEF decreased, and group 2 (n= 16), where RVEF remained almost unchanged. Using analysis of co-variance, the degree of RCA-stenosis was detected to be the decisive factor for the change in RVEF. Analysis of preoperative catheterization data revealed that in patients in group 1, stenosis of the right coronary artery (RCA) was significantly more pronounced (with RCA-stenosis) in comparison to patients in group 2 (without RCAstenosis). Only in patients ofgroup 1, RCA revascularization or coronary end-arterectomy (CEA) was performed. The biometric data were without differences between the groups ( Table 2) .
The duration of CPB, as well as of ischemia was significantly longer in the patients with RCA in comparison to the other group, due to additional revascularization of the RCA in these patients. The amount of volume (washed red blood cells) applied after ECC was standardized (the whole resting volume from the circuit was concentrated) and comparable for both groups (Table 3) .
According to the grouping of patients, application of PEEP immediately after weaning from CPB was followed by a decrease in RVEF only in patients with RCA-stenosis (Fig 1) , whereas during the second period of PEEP ventilation, no further difference between the groups could be demonstrated. CO was decreased only in group 1 patients during the first period of PEEP application (Fig 2) . RVEDVI decreased significantly in patients in group 2, in patients with RCA-stenosis; however, no significant decrease was seen (Fig 3) . RVESVI was slightly increased in this group in contrast to group 2, where RVESVI decreased significantly; no additional difference between the groups could be observed during the second period of PEEP application (Fig 3) . With regard to the other hemodynamic variables, the application ofPEEP immediately after weaning from CPB was followed by a significant decrease in MAP and an increase in PVR, RVPsyst and RVEDP only in the group with RCA We have chosen PEEP of 15. cmH2O because Metzler et aI20 found that only high levels of PEEP elevating pulmonary vascular resistance limit myocardial performance of the right ventricle resulting in a significant reduction of CO. PEEP was found to be associated with a large decrease in left and right showing that the right ventricle was insufficient and not able to transport blood adequately through the pulmonary vessels, although blood supply to the right chamber is reduced by PEEP; RVEF was decreased in these patients demonstrating that the right ventricle was unable to make the adaptations required.
MAP was significantly reduced only in the "with-RCA-group" and the resulting decrease in right coronary perfusion is contributing to the vicious circle. A critical decrease in right ventricular 02 supply/demand ratio may have developed and resulted in right ventricular ischemia and further deterioration of its function.
In agreement with our results, Skarvan et ai23 demonstrated that surgical revascularization of the RCA may frequently be associated with right ventricular dysfunction. Results from Priebe24 indicate that severe right ventricular myocardial dysfunction may develop during moderate pulmonary hypertension only when right coronary artery (RCA) stenosis is present. It is stressed that patients not exhibiting clinical symptoms ofcoronary insufficiency at rest may develop severe myocardial dysfunction during only mild increases in pulmonary artery pressure. In the normal right ventricle, however, a mean PAP as high as 40 mm Hg may be sustained without reduction in CO.
Rabinovitch et a125 concluded from their studies that the right side of the heart should not be neglected to achieve optimal myocardial protection during cardiac operations. High-grade RCA lesions can prevent the cold cardioplegia solution from reaching the right ventricular myocardium at a sufficient rate.26 Moreover, the right heart is not as well submerged as the left ventricle in the pericardial cold saline solution bath used for supplementary topical cooling due to its ventral location.' Therefore, the right ventricle seems to be the most vulnerable aspect of an ischemic heart. 27,28 Therefore, overall right ventricular dysfunction after CPB is not determined by the loading conditions alone. Local myocardial and septal involvement is suspected to be an important determinant of right ventricular function as well. 29 Forty-five min after weaning from CPB, a sufficient reperfusion of the myocardium with an improvement in myocardial 02 supply may have contributed in our patients to the fact that there was no more difference in right ventricular function between the two groups during the second period of PEEP application, and MAP and CI could be maintained in this situation. On the other hand, volume expansion (eg, by infusion of washed erythrocytes) is thought to be an important mechanism by which CO (and MAP) can be restored when it is reduced as a result of increased right ventricular afterload or depressed contractility30 This mechanism, however, is limited because increasing right ventricular volume may have some adverse effects such as increased wall tension with an augmented myocardial oxygen demand, decreased left ventricular compliance and possible tricuspid regurgitation.
It can be concluded that application of PEEP is followed by complex hemodynamic changes. An increase in right ventricular afterload is tolerated by the right ventricle provided there is no factor concomitantly limiting the right ventricular contractility such as a high grade RCA stenosis. The present data suggest that right ventricular dysfunction secondary to ineffective myocardial preservation or to reduced blood flow may also result in significant impairment in global cardiac performance when PEEP is applied. Thus, the right ventricle seems to play an important role and might be the limiting factor in weaning from CPB. Precise monitoring ofpulmonary and right ventricular hemodynamics are of greatest importance in this situation.
